Home-grown, 1 year old horseradish plants were harvested in autumn (28 th October) and stored in a 119 refrigerator till the extraction, which was achieved after a day. Roots were cleaned with a brush in cold 120 water eliminating soil and other contamination. 400 g horseradish root was ground with a centrifugal 121 juicer device (Moulinex) that allows the extract to pass through a strainer basket while leaving most of the 122 pulp behind. After grinding the crude extract was ultracentrifuged (Sorvall Discovery 90SE) at 32000 rpm 123 for 50 minutes to separate 65 ml supernatant from the sediment including the pulp particles. The 124 supernatant containing crude extract was removed and kept in a freezer at -20°C for further usage. No 125 medium or agent were added to the extract. 126 127
Spray drying with Nano Spray Dryer B-90 128

Analysis of the carrier particles 146 147
The particle size of the spray dried powders was determined by the laser diffraction method (Mastersizer 148 2000, Malvern Instruments, UK). Before, the particles were first dispersed in distilled water (1 mg/ml) 149 and sonicated for 2 minutes. For the sample dispersion during size analysis the Malvern Hydro 2000SM 150 dispersion unit was used at a speed of 1200 rpm. The average particle sizes were expressed in equivalent The morphology of the spray dried particles was characterized by scanning electron microscopy (SEM). 154
Spray dried EC particles were dispersed in distilled water (0.1 mg/ml), a drop was pipetted onto the grid 155
and dried overnight at room temperature. Then samples were vacuum-coated for 3 minutes with a mixture 156 of gold and palladium and examined with a Philips XL-30 Environmental Scanning Electron Microscope 157
The ratio of particles with doughnut-and spherical shapes was visually calculated from minimum three 159 SEM images which contained more than 50 particles. 160 161
Immobilization of HRP 162
163
HRP was covalently immobilized after the activation of EC. 50 mg of prepared carrier was dispersed in 5 164 ml distilled water (DW). 10 mg/ml of EDC and 10 mg/ml NHS based on previous results were added to 165 the samples, and stirred with a magnetic stirrer for 3 hours at room temperature. After the reaction time, 166 particle dispersions were placed into Falcon tubes and centrifuged (Heraeus Biofuge Primo R) with 8500 167 rpm for 20 minutes. The supernatant containing the non-attached EDC and NHS was removed. After three 168 times washing with distilled water and centrifuging, 2 ml of purified HRP (1 mg/ml) and 2 ml of 169 horseradish extract were added to the samples containing the carbodiimide activated particles at 4 °C. 170
After immobilization, non-cross-linked HRP, excess reagents and cross-linking by-products were removedminutes. Retained particles, containing cross-linked HRP were kept in the TRIS buffer dispersion (10 173 mg/ml) in a freezer for further usage. 174
The FTIR spectra were recorded with Varian Scimitar FTS2000 spectrometer (64 scans, 4 cm-1 175 resolution) equipped with liquid nitrogen cooled MCT detector and Pike GladiATR (with germanium 176 micro-ATR element) accessory. 177 178 2.6. HRP content determination 179 mobile phase was a 50/50 vol. mixture of acetonitrile and 10 mM phosphoric acid at a flow rate of 1 226 ml/min. 227
Samples containing 2,4-dichlorophenol and cross-linked purified HRP or horseradish extract, immobilized 228 onto carriers spray dried by using a spray cap hole size 5.5 μm or 7 μm were stirred with a magnetic stirrer 229 at 200 rpm at room temperature. The reaction started when hydrogen peroxide was pipetted into the 230 reaction mixture. After 2 hours, samples were centrifuged at 13000 rpm for 20 minutes at 10 o C. 20 μl of 231 the supernatant was directly injected into the HPLC column and the removal efficiency was determined. 232
The 2,4-dichlorophenol concentration was determined using a calibration curve. All measurements were 233 performed in triplicate. 234
For reusability test samples containing 1.4 mM 2,4-dichlorophenol and 10 mg/ml carrier particles with 235 crude extract from horseradish (0.087 U/ml) cross-linked on EC particles sprayed with a spray cap 4 μm 236 were stirred with a magnetic stirrer at room temperature and hydrogen peroxide (2mM) initiated the 237 reaction. After 2 hours, samples were ultracentrifuged with 30000 rpm for 15 minutes at 10 o C and Ethyl cellulose particle size was determined after the spray drying process by the laser diffraction method 248 (Fig. 1) . The majority of the EC particles were between 1 and 10 µm by using 7 μm and 5.5 μm spray 249 caps, whilst cc. 10 % of them were smaller than 1 µm and most of them were below 3 μm if generated by 250
The morphology of nano spray dried EC particles was visualised by scanning electron microscopy (Fig.  252 2). Particles showed spherical and partially doughnut-like morphology using hole size 7 μm, 5.5 μm and 4 253 μm spray caps. As can be seen in the SEM images, all of the smaller particles had a spherical shape and 254 some of the bigger particles had doughnut shape, which was found with every spray cap. Doughnut-like 255 particles are the result of the loss of structural stability of the sprayed droplets because of macro-and 256 micro-hydrodynamic effects. In our case the destabilization of the initial shape of the bigger droplets 257 occurs due to the relatively high viscosity that affects the morphology of the particles [14] . However, 258 doughnut shape is not disadvantageous in the immobilization process, since it issues in higher specific 259 surface area compared to spherical shape. 260 261
HRP immobilization 262 263
The condition of HRP immobilization was optimized in our recent work [13] . In the present study we 264 compared the HRP activity of particles prepared by the three different spray cap hole sizes. Both purified 265 HRP and horseradish extract, respectively, were immobilized onto the ethyl cellulose support FTIR 266 spectra were recorded for both the EC fine particles and the supports cross-linked by HRP. Successful 267 attachment was proved by FTIR measurement that clearly showed the amide bond presence in the EC-268 HRP cross-linked sample (Fig. 3) . Purified enzyme represented a higher residual activity after 269 immobilization on particles prepared with any of the three spray caps (Fig. 4) . The reason might be that 270 extract of horseradish contains several other proteins as well, and the cross-linking procedure is not 271 selective, which means that other proteins can also be attached to the activated sites of ethyl cellulose, 272 thus competing with HRP. Although the crude extract was not analysed, some literature data is provided 273 as an estimate of potentially fixed material. The average protein content of horseradish is 1.2 % (m/m) 274
[15]. Lascu et al (1986) separated horseradish peroxidase by Sepharose CL-6B column from horseradish 275 root [16] . They stated that probably every protein bound to the column, and 30-40 % of the bound material 276 was found to be horseradish peroxidase. 277 Table 1 The carriers were formed using spray caps with hole sizes of 7, 5.5 and 4 m. 519 Purified HRP and crude extract from horseradish (extracted) were immobilized onto particles generated 531 by spray cap with hole size of 5.5 and 7 m, respectively. 532 
